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This study was undertaken to identify demographic, clinical, and social risk
factors for early readmission in the veteran population. Readmissions within 30
days ofdischarge were considered "early. "A randomly sekcted 50 percent sample of
6,317 veterans discharged consecutively from one Department of Veterans Affairs
medical center (VAMC) was used to build a logistic regression modelfor early
readmission. Of these patients, 22 percent had early readmissions. The adjusted
odds ratios (OR) of greatest magnitude for early readmission (p < . 05) were
associated with discharge from a geriatrics/intermediate care bed (OR = 2.75
relative to medical ward), discharge diagnosis of a chronic disease (OR =
2.03-2.67 relative to acute or self-limiting disorders), and two or more surgical
procedures performed during the index admission (OR = 1.87 relative to no
surgery). Increasing distancefrom the VA hospital and increasing age also added
readmission risk (OR = 1.18 and 1.10, respectively). Length of stay and the
social risk factors of marital status and place of disposition were not sufficiently
predictive to enter the model. The model was validated successfully ons the second
50 percent sampk ofpatients. We conclude that clinical and demographic factors
are more predictive of early readmission than are socialfactors. Early readmission
models could be used to improve VA discharge planning and to focus quality
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assurance and utilization review efforts on providers whose early readmission rates
exceed those predicted by the models.

Readmissions shortly following discharge from a hospital are of interest
for two principal reasons. First, high-cost users of medical care are
characterized by a pattern of repeated admissions (Schroeder, Show-
stack, and Roberts 1979; Zook and Moore 1980). Anderson and Stein-
berg (1985) found that almost one-fourth of Medicare inpatient
expenditures are for readmissions that occur within 60 days of dis-
charge. Second, readmissions may serve as a marker for premature
discharge or other quality-of-care problems (Riley and Lubitz 1986).
The Health Care Financing Administration requires that state peer
review organizations review the records of prospective payment system
(PPS) patients who are readmitted within 15 days of discharge, in
order to determine whether the readmission is a consequence of prema-
ture discharge or another quality-of-care defect (Dept. of Health and
Human Services 1985).

Readmissions are of particular interest to the Department of Vet-
erans Affairs (VA) for several reasons. First, other investigators have
found that hospital recidivism rates are higher for veterans than for
other groups (Zook and Moore 1980; Zook, Savickis, and Moore
1980). The effect of readmissions on VA medical costs, therefore, may
be greater than their effect on private sector costs. Second, in contrast
to broader measures of utilization or quality, readmissions represent a
readily identifiable, specific item that can be addressed during dis-
charge plAnning and utilization review. Third, the risk of readmission
may be increased by VA's recent switch to a prospective resource alloca-
tion system based on diagnosis-related groups (DRGs). Such a system
creates incentives to unbundle care by rehospitalizing patients rather
than treating them during a single stay. Pressures to reduce the length
of stay under prospective reimbursement may also result in premature
discharge, followed by readmission.

Many factors can contribute to readmission risk. Possible risk
factors include demographic characteristics such as age; clinical factors
such as diagnosis and severity of illness; social characteristics such as
place of residence, access to care, and marital status; and provider
characteristics such as type of hospital and practice patterns. From a
policy perspective, the relative importance of these factors in determin-
ing readmission risk is significant. If severity of illness and demo-
graphic characteristics are most important, zealous efforts to prevent



Early Readmission Risk Factors

readmissions may be harmful. However, if social factors or provider
characteristics dominate, clinically acceptable and less expensive alter-
natives to readmission might be developed. Furthermore, the use of
readmission data to monitor quality of care depends on the develop-
ment of accurate statistical models for predicting expected readmission
rates for a facility, to which the facility's actual readmission rate may be
compared.

Prior work on the relative importance of possible risk factors for
readmission is sparse and has been focused on clinical characteristics of
selected patients (Stanton, Jenkins, Goldstein, et al. 1985; Smith,
Norton, and McDonald 1985), or on the Medicare population (Riley
and Lubitz 1986; Anderson and Steinberg 1985; Fethke, Smith, and
Johnson 1986; Holloway, Thomas, and Shapiro 1988). Factors docu-
mented to be associated with increased readmission risk include
increased age (Riley and Lubitz 1986; Smith, Norton, and McDonald
1985; Anderson and Steinberg 1985); the presence of chronic disease
(Anderson and Steinberg 1985; Holloway, Thomas, and Shapiro
1988); increased severity of illness during the index admission (Stan-
ton, Jenkins, Goldstein, et al. 1985; Smith, Norton, and McDonald
1985; Fethke, Smith and Johnson 1986); poor self-reported health sta-
tus (Holloway, Thomas, and Shapiro 1988); male sex (Anderson and
Steinberg 1985; Fethke, Smith, andJohnson 1986); white race (Ander-
son and Steinberg 1985); number of emergency room visits prior to the
index admission (Smith, Norton, and McDonald 1985); number of
discharges in the 60 days prior to the index admission (Anderson and
Steinberg 1985); admission during which no surgery was performed
(Anderson and Steinberg 1985); possession of supplemental Medicaid
coverage (Smith, Norton, and McDonald 1985); index hospitalization
in a small or rural hospital (Anderson and Steinberg 1985); widowhood
(Fethke, Smith, and Johnson 1986); and low scores on a life satisfac-
tion index (Fethke, Smith, and Johnson 1986). These studies of read-
mission employed different time-to-readmission definitions, studied
widely varying populations, used a variety of study designs, and exam-
ined different risk factors. Severity of illness during the index hospital-
ization is the one factor that was associated with readmission whenever
it was explicitly considered. These results therefore complement those
of Horn et al. (1983, 1986), Gonnella, Hornbrook, and Louis (1984),
and Conklin et al. (1984), who have demonstrated that resource use
during a particular hospitalization varies with severity of illness.

However, previous readmission research conducted in nonveteran
populations may not be generalizable to the veteran population. The
sex ratio and age structure of the veteran population are different from
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those of the general population, because males are differentially
selected for military service and because the bulk of veterans eligible
for VA care now were in their late teens and early twenties during
World War II and the Korean War. Even after adjusting for age and
sex, there may be severity-of-illness or social factors that differ between
veterans and nonveterans. Since the extent of any such differences is
unknown, it is important to examine readmissions in a population of
veterans.

The purpose of this study was twofold. First, we wished to esti-
mate the frequency of readmissions in a population of veterans. Sec-
ond, we wished to determine the relative importance of hypothesized
demographic, clinical, and social risk factors for readmission in this
population. We were specifically concerned with predicting early read-
missions, which were defined as those occurring within 30 days of
discharge. The selection of a time-to-readmission period is arbitrary,
especially for a population afflicted with chronic diseases. The 60-day
period examined by Anderson and Steinberg (1985) and by Holloway,
Thomas, and Shapiro (1988) for Medicare beneficiaries had special
meaning for the Medicare population, since 60 days was the length of a
Medicare benefit period at the time these studies were conducted. So
long as a readmission occurred during the same benefit period as the
index admission, only one deductible was paid by the beneficiary (Ber-
man, Weeks, and Kukla 1986). No analogous period exists for vet-
erans. Other researchers have selected time-to-readmission periods of
30 days (Riley and Lubitz 1986); 6 weeks (Fethke, Smith, andJohnson
1986); 6 months (Stanton, Jenkins, Goldstein, et al. 1985; Fethke,
Smith, and Johnson 1986); 1 year (Fethke, Smith, and Johnson 1986;
Zook, Savickis, and Moore 1980); and 1, 2, 5, and 10 years (Zook,
Savickis, and Moore 1980). Because we think that most of the readmis-
sions preventable through better discharge planning or reflective of
other quality-of-care defects will occur within one month of discharge,
a 30-day time-to-readmission period was selected for study.

METHODS

We defined an early readmission, therefore, as one that occurs within
30 days of discharge. We developed two logistic regression models that
related the probability of early readmission to a number of hypothe-
sized demographic, clinical, and social risk factors. The unit of analysis
was the individual patient. The outcome event for the first model was
early readmission for any reason (any readmission), while that for the
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second model was early readmission with a primary discharge diagno-
sis fitting within the same DRG as that for the veteran's preceding
admission (same DRG readmission).

Data for the analysis were obtained from the VA patient treatment
file (PTF) (Dept. of Health and Human Services 1985). The PTF
contains detailed information from each discharge for all veterans who
have been inpatients in any VA facility or who have been inpatients in
private hospitals at VA expense. Dates of admission and discharge and
whether an admission represents an interhospital transfer are included
in the PTF. Demographic information in the file includes age, sex,
race, period of military service (war or peacetime), and county of
residence. Extensive clinical information is contained in the PTF,
including length of stay, ICD-9-CM codes for all surgical procedures
performed, DRG in which the primary diagnosis was classified, num-
ber of operations and other procedures performed during the hospital-
ization, and disposition status (transferred to another hospital,
discharged alive, or died while hospitalized). Information on social
characteristics includes marital status, whether or not the veteran was
ever a prisoner of war, place to which the patient was discharged (such
as a nursing home or domiciliary), and the veteran's disability status.
Disability status is categorized according to whether the veteran has a
compensable service-connected disability in conjunction with whether
care for this disability was received or not during a particular hospital-
ization. Since all discharges are coded into the PTF, this file can be
used to track all hospitalizations in VA facilities and all hospitalizations
in private hospitals for which VA pays. However, the PTF does not
contain information pertaining to discharges from non-VA facilities
when a party other than VA pays for the hospitalization.

SAMPLE DEFINITION, SELECTION,
AND EXCLUSIONS

The population selected for study comprised all 6,704 veterans dis-
charged from the internal medicine, surgery, intermediate care (geriat-
rics or nursing home care unit), or neurology services of a tertiary care
VA medical center between January 1, 1981 and December 31, 1982.
Patients admitted to the psychiatry service were excluded because the
disease classification system used in the model is based on DRGs.
Previous research has demonstrated that psychiatric DRGs often bear
little relation to severity of illness or resource consumption (Frank and
Love 1986; Light, Phipps, Piper, et al. 1986), so a classification system
based on DRG assignment would lack face validity for psychiatric
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patients. Separate data bases were constructed for the endpoints of
same-DRG early readmission and for any early readmission.

Each admission is associated with a unique PTF record, so sub-
jects with multiple admissions have several PTF records. For each PTF
record during the period of observation, the subject's readmission sta-
tus 30 days after discharge was determined and appended to the admis-
sion record, thereby creating an augmented record that included
readmission status. Readmissions that were in fact transfers from
another hospital were not counted as readmissions. Subjects were clas-
sified as having sustained an early readmission if any of their aug-
mented PTF records showed a readmission within 30 days of
discharge. A single record for each subject was designated as the index
admission and was used to ascertain the presence or absence of postu-
lated risk factors. All index admissions were to the Ann Arbor VA
Medical Center.

For patients with one or more early readmissions, the augmented
PTF record with the shortest time to readmission was selected as the
index admission. For subjects with one or more PTF records, none of
which represented early readmissions, the selection process was more
complex. All of these latter subjects' records with an admission date
during the first 30 days of the study period or a discharge date during
the last 30 days were excluded from the study sample. Such records
could actually have represented readmissions within 30 days of a dis-
charge that occurred before the observation period began or could have
represented index admissions for which subsequent early readmissions
could not have been detected. All subjects whose only hospitalization
during the observation period had an admission date during the first
month of the period or a discharge date during the last month of the
period were thereby excluded, to prevent errors of misclassification.
Subjects with multiple admissions were included in the study sample
and counted as not readmitted if they failed to meet the criterion for
early readmission, and if they had at least one PTF record with admis-
sion and discharge dates outside of their respective exclusionary peri-
ods. For these subjects, the first eligible PTF record in the series of
multiple records was selected as the index admission. A person whose
only admission date was during the last 30 days of the observation
period, but who was not discharged by the end of this period, was
automatically excluded from the study population. Because the PTF
was searched by discharge date, no record would have been located for
such a subject. This was desirable, since the fact of readmission follow-
ing such a discharge could not be ascertained. The net effect of these
exclusionary criteria was to generate a sample of nonreadmitted sub-
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jects, all of whom were at risk for detectable readmissions throughout
the study period.

The preceding criteria excluded 387 subjects (5.7 percent of the
population). A total of 6,317 subjects-for whom the fact of early
readmission could be established with certainty-remained in the
study sample. Adjustment for VA admissions that terminated in death
or interhospital transfer was accomplished by including type of disposi-
tion in all regression models. These adjustments were necessary,
because subjects who died were not at risk for early readmission and
those who were transferred were at risk for readmission at some
unknown time.

SPECIFICATION OF HYPOTHESIZED
RISK FACTORS

Hypothesized demographic, social, and clinical risk factors for early
readmission are displayed in Table 1. Age and location were entered as
ordinal variables and length of stay was entered as a continuous vari-
able. All other hypothesized risk factors are specified in categorical
form, using the categories listed in Table 1.

The final clinical variable considered in the analysis is a six-level
readmission risk classification. This risk classification system differs in
important ways from those developed by Horn et al. (1986, 1983) and
Gonnella, Hornbook, and Louis (1984). The latter authors attempted
to refine DRGs by incorporating severity of illness adjustments that
reduce within-DRG heterogeneity with respect to resource consump-
tion. Our classification takes DRGs in their present form and groups
them into a small number of categories that are specifically designed to
predict readmission risk. The classification system is based on a combi-
nation of previously published work (Zook, Savickis, and Moore 1980)
and clinical judgment. The clinical factors employed include chronicity
of disease, whether or not the illness is curable, typical time intervals
between serious exacerbations of disease, significant comorbidities,
and age. Assignments ofDRGs to levels of the readmission risk classifi-
cation were made prior to data analysis while blinded to the readmis-
sion status of subjects.

Two factors were most important when deciding at which level of
the classification system to place a DRG. The first factor was the
expected natural history of illnesses comprising the DRG. Acute, self-
limited, and curable illnesses were placed in lower-risk categories,
while chronic, progressive diseases were placed in higher-risk catego-
ries. The second important factor was the typical time interval between
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severe exacerbations of nonacute diseases. Chronic diseases associated
with shorter time intervals between exacerbations were assigned to
higher levels of the classification system, in correspondence with their
greater predicted risk of readmission. The placement of disorders that
are similar with respect to these two characteristics was influenced by
the presence of comorbidities or complications. Since many DRGs are
constructed on the basis of age over 70, or the presence of comorbidi-
ties or complications, or both, age became an incidental part of the
readmission risk classification. However, the motivation behind
assigning a DRG to a higher level in the classification system was
usually the presence of comorbidities or complications, rather than
age. Examples of conditions classified into each level of the readmis-
sion risk classification are provided in Table 1, and a complete listing of
DRGs placed into each level of this classification system is provided in
the appendix.

The reference level for the readmission risk classification was
labeled very low and included DRGs that contain acute medical condi-
tions for which the risk of readmission was thought to be very small.
Examples of DRGs assigned to this level include 6 (carpal tunnel
release), 18 (peripheral nerve disorder), 67 (epiglottitis without sur-
gery), 166 (uncomplicated appendectomy), 222 (musculoskeletal dis-
ease with knee surgery, without complication), 300 and 301 (endocrine
disease other than diabetes, without surgery), and 80 (infections/
inflammation of the respiratory system without comorbidity or compli-
cation). The reference level, therefore, included acute curable
conditions (epiglottitis, appendicitis, and respiratory infections); some
chronic conditions for which a major uncomplicated palliative proce-
dure was performed (carpal tunnel release, knee surgery); and chronic
conditions for which outpatient management usually was successful
(endocrine diseases other than diabetes).

The intermediate categories in the classification contained a wide
spectrum of disease, with discrimination between classification levels
often based on the presence of comorbidities. For example, while DRG
80 (respiratory infections, uncomplicated) was placed in the very low
category, DRG 79 (respiratory infections with complications/
comorbidity) was placed in the low category; while the DRG for
uncomplicated appendectomies (166) was placed in the very low cate-
gory, complicated appendectomies (DRG 164) were placed in the low
category. Chronic illnesses that were considered relatively unlikely to
require readmission in 30 days also were placed in intermediate levels.
Examples of these include peptic ulcer without surgery, age over 69
(DRG 177) and uncomplicated kidney stone surgery (DRG 324),

223
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which were placed into the low category, and kidney stone with compli-
cation or comorbidity (DRG 323), which was placed at the medium/
low level. Many malignancies for which surgery was performed also
were placed at the medium/low level (DRGs 146-150). Diabetes with-
out surgery, age over 35 (DRG 294) was placed at the medium/low
level. Diabetes without surgery, age under 36 (DRG 295) was placed at
the next higher level of the classification system, because it includes
more of the relatively complex cases of juvenile onset diabetes.

The next level of the risk classification system, which was labeled
medium, contained many chronic diseases. Examples include diabetes
in those under 36 (DRG 295), heart failure without surgery (DRG
127), peripheral vascular disease without surgery (DRG 131), chronic
obstructive pulmonary disease without surgery (DRG 88), angina
without cardiac catheterization (DRG 140), uncomplicated lympho-
mas and myeloproliferative disorders (DRG 404, 407, 408, 414), and
chemotherapy (DRG 410).

The high-risk level consisted primarily of malignancies without
surgery (DRGs 16, 11, 64, 172, 173); malignancies of the lung with
surgery (DRG 75); malignancies of the pancreas and hepato-biliary
systems (DRGs 199-203); and complicated leukemias, lymphomas,
and myeloproliferative disorders (DRGs 400, 401, 403, 405, 406).
While it could be argued that the latter three conditions belong in a
higher level of the classification system, one must remember that many
malignant disorders of the blood in the veteran population are of the
chronic variety, for which a diagnostic admission is followed by suc-
cessful outpatient treatment.

Alcoholism and its effects have been shown to be more prevalent
among high-cost users of care (Zook and Moore 1980), and alcohol-
related gastric intestinal disease has been associated with repeated hos-
pitalizations (Zook, Savickis, and Moore 1980). Alcohol-related
disease spans a wide spectrum of severity. Our sample did not include
subjects admitted only for inpatient substance abuse treatment, since
the service is provided by our psychiatry department, whose admis-
sions were excluded from our analysis. All of the subjects in our
sample, therefore, were admitted for acute alcohol intoxication, alcohol
detoxification, minor/major alcohol-related complications, or all three.
Therefore, unspecified alcohol dependence (DRG 236) was assigned to
the high level of the readmission risk classification. Because they repre-
sent an even more severe part of the spectrum of alcoholism, DRGs
202 (cirrhosis), 204 (pancreatitis), and 433 and 438 (substance-induced
organic mental disorders) were assigned to the highest level of the
readmission risk classification: very high.
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Other diagnoses placed at the very high level of the readmission
risk classification include renal failure (DRGs 316, 317), which others
have shown to be highly associated with repeated hospitalization
(Zook, Savickis, and Moore 1980); extensive burns that were not
transferred (DRG 457); and disorders of the blood cells, coagulation
system, and blood-forming or immune organs (DRGs 392-399). Blood
disorders, in general, have been associated with repeated hospitaliza-
tions (Zook, Savickis, and Moore 1980), and anemia has been associ-
ated with an increased risk of unplanned readmission (Smith, Norton,
and McDonald 1985). Anemias that determine DRG assignment are
likely to be the severe variety that require repeated transfusions (and
for which patients were commonly admitted during the study period).
For these reasons, DRGs 392-399 were placed at the very high level of
the readmission risk classification.

STATISTICAL ANALYSIS

The stepwise logistic regression models were constructed using the
BMDP program LR (Logistic Regression). A 50 percent random
sample was selected to be used as a data base for developing the statisti-
cal models. The remaining half of the sample was reserved to validate
the models.

The statistical modeling process involved several steps. In the first
step, the association between each hypothesized risk factor and the
outcome was assessed using a chi-square statistic. Variables with chi-
square statistics less than one were excluded. This screening process
was necessary to keep the list of hypothesized risk factors to a manage-
able size. The remaining variables were subjected to stepwise multiple
logistic regression. The criterion for entry of an hypothesized risk fac-
tor into the final model was statistical significance at the p < .05 level.
Next, the fit of the model was assessed by the Hosmer chi-square
goodness-of-fit statistic (Hosmer and Lemeshow 1980). Finally, an
attempt was made to validate each model by applying to the validation
data base the model that had been built using the development data.
The following features of the model were assessed in the validation data
base: the stability of the coefficients estimated from the development
data, the statistical significance of these coefficients, and the value of
the Hosmer chi-square test statistic for the model.
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RESULTS

The distribution of hypothesized demographic, clinical, and social risk
factors in our sample of 6,317 veterans discharged from the Ann Arbor
VA Medical Center is displayed in Table 1. When the outcome was any
early readmission, 22 percent of veterans had early readmissions; when
the outcome was restricted to same-DRG early readmissions, 8 percent
of veterans had early readmissions. Approximately 97 percent of the
readmissions were to the Ann Arbor VAMC, at which all patients in
the study initially received care. The remaining 3 percent represented
readmissions to other Great Lakes Region Department of Veterans
Affairs medical centers.

PREDICTIVE MODEL: ANY EARLY
READMISSION

The logistic regression model for any early readmission was built using
data from the 2,970 of 3,159 patients in the development data base for
whom complete patient treatment file data were available. Variables
entered the logistic regression model for any readmission in the follow-
ing order: location, number of surgical procedures, compensation and
pension status, readmission risk class, bed section of discharge, and
age. The Hosmer chi-square statistic for the model in the validation
data was 1.98 (p = .981). The estimated coefficients of the model and
their associated adjusted odds ratios (OR) for both the original and the
validation data bases are displayed in Table 2. With the exception of
those for compensation/pension status, the coefficients are similar for
both data bases.

The adjusted ORs of greatest magnitude for early readmission
were associated with the clinical risk factors of discharge from an inter-
mediate care ward (OR = 2.75 relative to medical ward) and a clinical
diagnosis placing the patient into the highest level of the readmission
risk classification (OR = 2.67 relative to acute disorders). The read-
mission risk classification showed a consistent trend of increasing odds
ratios in both the development and validation data bases, with most
chronic conditions being associated with odds ratios of two or more.
The performance of surgery was associated with an increased risk of
early readmission. This was evidenced by the OR of 1.87 for two or
more surgical procedures performed during an index admission and
that of 1.48 for discharge from a surgical service. Increasing distance of
county of residence from the Ann Arbor VAMC, at which 97 percent
of all readmissions occurred, was associated with an increased proba-
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bility of early readmission. Each increment of the location variable was
associated with an 18 percent increase in the risk of early readmission.

The relationship between compensation and pension status and
early readmission is not clear from our results. Individual coefficients
for the levels of this variable differ considerably between the develop-
ment and validation data bases, and attain statistical significance only
in the validation data base. One must therefore be cautious about
drawing inferences regarding the relationship between compensation
and pension status and the probability of early readmission.

Hypothesized risk factors noteworthy for their failure to be
selected for entry into the model included sex, marital status, category
of beneficiary (period of military service), length of hospital stay, pres-
ence of spinal cord injury, number of diagnoses, number of nonopera-
tive procedures performed, and place of disposition (nursing home or
other facility as opposed to independent living).

PREDICTIVE MODEL: SAME-DRG
EARLY READMISSION

The logistic regression model for same-DRG early readmission was
built using data from the 2,985 of 3,159 persons in the development
data base for whom complete PTF data were available. The following
variables entered the stepwise logistic regression model: location, read-
mission risk classification, and category of beneficiary. The Hosmer
chi-square statistic for the model in the development data was 5.16
(p = .74).

However, this model could not be validated successfully. When
stepwise logistic regression was performed on the validation data, dif-
ferent variables entered the model and the coefficients of others
changed in sigro. magnitude, or both. Since the coefficients of the
same-DRG early readmission model were unstable, they are unin-
terpretable and we do not report them.

DISCUSSION

Improvements in discharge planning and outpatient care potentially
could reduce the number of veterans who are readmitted shortly after
being discharged from a VA hospital. Given limited resources, such
preventive efforts should be concentrated on those veterans who are at
greatest risk for early readmission. In addition, models of risk factors
for early readmission might improve the efforts of quality assurance
personnel, who could concentrate their efforts on facilities, services, or
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providers that had excess early readmission rates for their level of risk.
Therefore, we used PTF data to construct and validate a statistical
model that identifies veterans at high risk for early readmission. An
early readmission was defined as any admission to a Great Lakes
Region VA facility that occurred within 30 days of discharge from the
VA medical center at which all initial admissions occurred.

Our principal conclusion is that clinical factors and, to a lesser
extent, demographic factors are the dominant predictors of early read-
mission among veterans discharged from our tertiary care VA medical
center. A readmission risk classification, which stratifies DRGs for our
population by chronicity of disease and anticipated readmission risk
based on the natural history of major diagnoses comprising each DRG,
is highly predictive of early readmission. This classification system
should be distinguished from previous efforts at modifying DRGs
through severity-of-illness adjustments (Horn et al. 1986; Horn, Shar-
key, and Bertram 1983; Gonnella, Hornbook, and Louis 1984; Conk-
lin et al. 1984). Unlike these previous efforts, we were not as concerned
with the severity of illness during a particular hospitalization as with
the short- and long-term natural history of illnesses within DRGs.
Severity adjustments to DRGs may be important from the standpoint
of resource allocation for particular hospitalizations; however, other
factors, such as the natural history of disease, may be more predictive
of early readmission or other measures of resource consumption that
extend beyond a particular hospital stay. To cite a clinical example, one
might compare a 45-year-old male admitted with appendicitis with a
55-year-old male admitted with a moderate exacerbation of asthma
and emphysema. The patient with appendicitis probably will consume
more resources during his hospital stay than the asthmatic. However, if
surgical treatment and antibiotics are effective, he may be less subject
to early readmission or repeated hospitalization than the asthmatic.
The natural history of treated appendicitis is usually cure by surgery,
while asthmatic attacks recur. We did not examine whether a severity
of illness for a particular hospitalization was predictive of early read-
mission. Previous data showing increased readmission risk for patients
with longer lengths of stay (Riley and Lubitz 1986; Stanton, Jenkins,
Goldstein, et al. 1985), increased symptoms (Stanton, Jenkins, Gold-
stein, et al. 1985), or laboratory abnormalities (Smith, Norton, and
McDonald 1985) suggests such a relationship, but does not demon-
strate one conclusively. Further research is needed to ascertain whether
severity of illness during a particular hospitalization, systems such as
our readmission risk classification, or some combination of these
instruments is most predictive of early readmission risk.
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We were unable to demonstrate any relationship between early
readmission and length of stay. Previous research has demonstrated
that longer lengths of stay are associated with higher readmission risk
in non-VA populations undergoing surgery (Riley and Lubitz 1986;
Stanton, Jenkins, Goldstein, et al. 1985). Our study did not address
the issue of whether length of stay is a risk factor for readmission in
specific categories of patients, but rather examined the influence of
length of stay on readmission risk for the entire discharged population.
The most important question concerning length of stay is whether
premature discharge increases the risk of early readmission. Unfortu-
nately, this question cannot be answered using data bases such as the
PTF, which do not allow one to identify premature discharges. Only
research that relates early readmissions to a patient's readiness for
discharge, based on utilization review criteria, can address the impor-
tant issue of whether premature discharge increases the risk of early
readmission.

The finding that discharge from an intermediate care ward was
highly predictive of early readmission rnust be reconciled with our
failure to find any increased readmission risk among patients released
to nursing homes. This apparent paradox is not related to lack of
statistical power, for standard power tables (Cohen 1977) showed that
our study had a power in excess of 90 percent to detect a relative risk of
as low as 2.0 for discharge to a nursing home, relative to discharge to
independent living. The most likely explanation for the paradox is that
patients discharged from intermediate care wards are different from
those released to nursing homes. Approximately one-half the beds in
the intermediate care ward of the hospital where this study was per-
formed are reserved for patients with a potential for rehabilitation.
Physicians may rehospitalize such patients more aggressively than they
would rehospitalize chronic patients whose principal need is care-
taking. In other settings, many patients with rehabilitation potential
would be released to community nursing homes, rather than to an in-
house geriatrics unit. Therefore, our findings regarding the readmis-
sion risk of patients released to nursing homes may not be gen-
eralizable to facilities without intermediate care units.

Other negative findings are also noteworthy. Neither spinal cord
injury, sex, beneficiary category, marital status, number of diagnoses,
nor number of nonsurgical procedures was significantly associated
with readmission risk, after adjustment for factors that entered the
model. It is unlikely that these are false negative results. Assuming a
Type I error of .05, the power of our study to detect relative risks of
1.5-2.0 consistently exceeded 90 percent, except for spinal cord injury,
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for which a relative risk of 3.0 could be detected with the same power
(Cohen 1977). Other studies have found increased readmission rates
for spinal cord injury patients (Zook and Moore 1980; Zook, Savickis,
and Moore 1980) and for widowed persons (Fethke, Smith, and John-
son 1986; Lewis 1984). However, these studies were conducted in
different populations than the one we studied. Zook et al. (1980) and
Zook, Savickis, and Moore (1980) examined readmissions among
patients referred to a VA spinal cord hospital, rather than in a popula-
tion initially admitted to an acute care VA hospital. Fethke, Smith, and
Johnson (1986) studied readmissions among Medicare beneficiaries
over the age of 70, and Lewis examined the discharge rates of patients
in private hospitals (1984). Therefore, we interpret the discrepancies
between the results of our study and previous research as evidence that
readmission risk factors differ among populations.

Further support for the concept that readmission risk factors differ
among populations is provided by comparing our results with those of
Anderson and Steinberg (1985). The latter authors found that surgery
during the index admission reduced the risk of readmission among
Medicare beneficiaries. In contrast, we found that surgery increased
the risk of subsequent early readmission, especially if two or more
operations were performed. Although these studies used different
times-to-readmission as endpoints, the most likely explanation for the
above discrepancy is that different populations of patients were exam-
ined in the two studies.

The above discussion illustrates that early readmission models
developed in one population may not be applicable in another. The
model that we have developed probably is generalizable to tertiary care
VA medical centers with similar patient populations, physician practice
patterns, and facilities. However, it may not apply to smaller, non-
university-affiliated VA medical centers.

POLICY IMPLICATIONS AND DIRECTIONS
FOR FUTURE RESEARCH

The DRG-based resource allocation system provides no incentives for
an individual VA medical center to undertake programs to reduce early
readmissions. In fact, VA medical centers that were successful in
reducing early readmissions could be penalized under this system.
Resources would be expended to reduce early readmissions, and the
resulting decrease in inpatient volume would adversely influence sub-
sequent resource allocation. However, special resource allocations
could be provided to VA medical centers that develop successful pre-
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ventive programs, in order to mitigate reductions in future financial
support caused by reductions in inpatient workload.

One purpose of our research was to identify weaknesses in social
support for veterans, the correction of which might prevent unneces-
sary early readmissions. However, the only social factor of clear impor-
tance was alcoholism and its complications. These findings support
similar evidence on the relative unimportance of social factors as pre-
dictors of readmission risk for Medicare beneficiaries (Holloway,
Thomas, and Shapiro 1988). Nonetheless, adverse social factors may
increase the risk of early readmission for two reasons. First, the PTF
does not allow evaluation of all pertinent social risk factors. For
example, no data in the PTF define the adequacy of family support
systems or the ability of patients to care for themselves. Therefore,
researchers interested in identifying social support deficiencies that
contribute to readmission risk must gather data prospectively or
through retrospective medical record reviews. Second, our failure to
demonstrate statistical significance for hypothesized social risk factors
may simply reflect the successful operation of existing social service
and discharge planning support systems. In other words, social risk
factors will not be detected if existing social services compensate for
them. Our data should not be construed as evidence that funding for
social services can be reduced without increasing readmission rates.

The unexpected finding that increasing distance between a
patient's residence and the VAMC was associated with a higher risk of
early readmission needs to be investigated. If patients from distant
communities are more severely ill than local patients (due to referral
patterns), then more careful attention to the predischarge clinical sta-
tus of high-risk patients may reduce the incidence of early readmis-
sions. If severity of illness does not differ between these two patient
groups, the association between distance and readmission may be due
to failure by veterans who reside far from the VA medical center to
obtain appropriate medical care in their hometowns. Better coordina-
tion of follow-up care by the discharging VA medical center might then
be effective in eliminating some unnecessary early readmissions.

The prominent risk that clinical factors play in determining early
readmission risk is important for several reasons. First, algorithms that
monitor early readmissions to identify either excess utilization or defi-
ciencies in the quality of care should incorporate adjustments based on
validated clinical risk factors for early readmission. Further research is
needed to determine whether the risk factors we have identified are
important for other VA medical centers, especially those not affiliated
with major universities. Failure to do so may result in quality problems
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being identified where none truly exist, or in undue pressure to avoid
readmissions.

Second, programs for the prevention of early readmissions should
distinguish between avoidable and necessary readmissions. In a popu-
lation characterized by the presence of chronic illness with intermittent
exacerbations, some early readmissions are unavoidable. In addition,
those who design preventive programs may wish to concentrate their
efforts on particular diagnoses or groups of related diagnoses. Our
results do not suggest any broad-based, widely applicable approaches
to reducing early readmissions that are likely to be effective. This
contention is supported by the results of a recently reported random-
ized trial of a multifaceted postdischarge intervention in a nonveteran
population, which failed to demonstrate a statistically significant
reduction in nonelective readmissions among members of the interven-
tion group (Smith et al. 1988). Close cooperation with physicians
might identify specific medical conditions where alterations in practice
patterns could reduce preventable readmissions without jeopardizing
patient welfare. Such an effort would be facilitated by the development
of statistical models that predict readmission risk for patients with
particular diagnoses, or those whose hospital stays are classified into
specific DRGs.

Information pertaining to documented risk factors for early read-
mission should be incorporated into the design of preventive programs.
Such programs should focus on veterans now known to be at high risk
for early readmission, such as those with discharge diagnoses that place
them at higher levels of our readmission risk classification, those who
undergo multiple surgical procedures, those who reside at greater dis-
tances from a tertiary care center where they are hospitalized, and
those who are discharged from intermediate care wards. Finally, the
clinical value and cost effectiveness of programs designed to prevent
early readmissions should be assessed in the veteran population, pref-
erably through a random clinical trial. Although such a trial in a
nonveteran population demonstrated lower inpatient costs for high-risk
subjects who received intensive postdischarge care (Weinberger et al.
1988), similar data are lacking for the veteran population.
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APPENDIX

Complete Listing of Readmission Risk Categories
Risk

Category DRGs Included in Category
Very Low 2, 6, 9, 18, 19, 20, 21, 25-27, 29-33, 37-48, 50-63, 66-74, 80,

81, 84, 90, 91, 94, 95, 102, 119, 123, 144, 145, 158, 160, 162,
163, 165-171, 178, 183-190, 196, 198, 201, 206-208, 211-213,
216, 219, 220, 222, 224, 225, 227-229, 232-235, 237, 241-256,
261, 262, 265-270, 276, 278-284, 289, 290, 293, 297, 298,
300, 301, 305, 307, 309, 310, 311-315, 321, 322, 325-333,
337, 339-345, 349-352, 354, 355, 358-362, 364, 365, 368, 369,
370-378, 380, 381, 383-385, 390, 421-425, 427, 431, 432, 440,
443-448, 450, 451, 455, 459, 460, 464, 466, 467, 468-470

Low 3-5, 8, 13, 17, 22-24, 28, 34, 36, 65, 79, 83, 100, 101,
116-118, 120, 128, 134, 135, 151, 156, 157, 159, 161, 164,
175-177, 181, 182, 192, 194, 195, 200, 205, 209, 215, 218,
221, 223, 226, 231, 236, 238, 240, 257-260, 277, 291, 292,
296, 299, 301, 306, 308, 320, 324, 335, 336, 348, 356, 363,
379, 388, 391, 409, 417, 426, 428, 439, 441, 449, 454, 458,
462, 463, 152, 153, 461

Medium Low 1, 7, 16, 78, 85, 86, 98, 99, 104-107, 109, 125, 126, 133, 136,
139, 141-143, 146, 147, 148-150, 155, 179, 180, 193, 197,
210, 214, 217, 230, 271-273, 286, 288, 294, 323, 347, 382,
387, 415, 418, 420, 429, 430, 434, 435, 442, 453, 108

Medium 12, 14, 15, 49, 76, 77, 82, 87-89, 92, 93, 96, 97, 103, 110,
111-115, 121, 122, 124, 127, 129-132, 137, 138, 140, 154,
174, 191, 263, 264, 275, 285, 287, 295, 302, 303, 319, 334,
338, 357, 386, 389, 402, 404, 407, 408, 410, 414, 416, 419,
437, 452, 465, 411, 412

High 10, 11, 64, 75, 172, 173, 199, 203, 239, 274, 318, 346, 353,
366, 367, 400, 401, 403, 405, 406, 413, 436

Very High 202, 204, 316, 317, 392-399, 433, 438, 456, 457
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